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METHOD OF MEASURING THE STRESS OR
RELAXATION LEVEL OF A MAMMAL

CLAIM OF PRIORITY

This application claims priority to Great Britain Patent
Application No. 0202032.9 filed Jan. 29, 2002.

FIELD OF THE INVENTION

This 1nvention 1s related to methods of measuring and
changing the level of stress or relaxation level in mammals.
More particularly, the mvention i1s related to methods of
measuring and changing the activity of the sympathetic
nervous system of a mammal.

BACKGROUND OF THE INVENTION

Advances 1n technology 1n the last century have brought
benelits to society but have resulted 1n a greater prevalence
of stress 1n the daily lives of people at all levels of society.
Our stress response mechanisms have not adapted at the
same pace as advancing technology. The effect of stress on
health and well being 1s well documented. See, for example,
Robert M. Sapolsky, Why Zebra’s Don’t Get Ulcers-An
Updated Guide to Stress, Stress Related Diseases and
Coping, ISBN 0-7167-3210-6, Chapter 1, (5* Edition 2000),
and George P. Chrousos and Philip W. Gold, “The Concepts
of Stress and Stress System Disorders-Overview of Physical
and Behavioral Homeostasis,” JAMA, Mar. 4, 1992, Vol.
267, No. 9. It 1s known that stress, particularly chronic
stress, may cause or aggravate many conditions, mcluding
immunosuppression and susceptibility to infectious
diseases, gastric conditions, sleep problems, depression,
premature birth 1n expectant mothers, low birth weight,
degeneration of brain neurons leading to memory and learn-
ing problems, elevated blood pressure, heart complications
and stroke due to elevated blood lipid levels and other health
complications.

Repeated exposure to acute stressors may lead to chronic
stress. The acute stress response 1s commonly known as the
“ficht or tlight” response. Acute stress 1s any stimulus or
experience that 1s perceived as causing conflict or danger. In
modern life, there exists a multitude of sources of acute
stress, some examples of which include stress associated
with 1nterviews, public speaking, examinations, a dispute
within a relationship, a traffic jam, being told some unpleas-
ant news, or witnessing an unpleasant or disturbing scene.
The “fight or flight” response promotes survival by protect-
ing from bodily harm through providing the physical
resources required either for conflict with the danger (fight)
or to escape from the danger (flight). The response originates
in the hypothalamus, which responds to a stressor by acti-
vating the sympathetic nerve endings 1n the adrenal medulla
to produce epinephrine (adrenaline) as a part of the
sympathetic-adrenal-medulla (SAM) system. Epinephrine
(adrenaline) is secreted by the nerve endings in the adrenal
medulla and norepinephrine (noradrenaline) is secreted by
all other sympathetic nerve endings in the body that control
relatively unconscious functions, including heart rate, diges-
tion and salivary flow. It 1s epinephrine and norepinephrine
that produce the “fight or flight” response 1n the organs of
the body, preparing the mammal to respond to a stressor by
increasing heart rate, increasing blood flow to muscles,
diverting blood flow from the digestive system and 1nhibait-
ing digestion, inhibiting saliva flow and dilating pupils,
which are all desirable physiological responses in a survival
threatening situation.
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One method of measuring the response to an acute
stressor 1n a mammal 1s to monitor the hypothalamus-
pituitary-adrenal (HPA) system, and, in particular, the
release of cortisol, corticotropin releasing hormone (CRH)
and adrenocorticotrophic hormone (ACTH). Cortisol may
be detected 1n saliva as a measure of response to a stressor.
However, where cortisol 1s secreted 1n response to an acute
stressor, 1t takes approximately twenty minutes after the
onset of the stressor before the change 1n cortisol 1s detect-
able 1n saliva. Furthermore, additional time 1s required for
the quantitative analysis of cortisol 1n saliva.

Given that the rapid onset of an acute stress response, or
conversely the immediate physiological response to
relaxation, occurs over a short time frame (generally on the
order of seconds), measurement of changes of bodily func-
tions controlled by the sympathetic nervous system would
be useful 1n measuring stress or relaxation response.
Accordingly, there remains a need for a time-independent
measure of the acute stress or acute relaxation response of a
mammal.

Another method of measuring the response to stress or
relaxation 1s to quantify or observe physiological changes
driven by the sympathetic nervous system. For example,
some devices like mood rings and thumb press stress
indicators, which rely on skin temperature changes, are
simple however they only measure qualitative temperature
differences. Other techniques, mncluding lie detector type
tests, such as those described 1n Japanese Kokai 11-034688,
which rely on skin impedance changes, and thermal 1maging
techniques, such as those described 1n U.S. Pat. No. 5,771,
261, which rely on skin temperature changes, may be used
to supply quantitative information on the response to stress
or relaxation, but these techniques are complicated and
cumbersome.

Given the shortcomings of known methodology, there
exists a need for a non-invasive, c€asy-to-use, time-
independent and non-cumbersome method of measuring the
state of the sympathetic nervous system as a means of
measuring acute stress or relaxation response 1n a mammal.

The present invention addresses the problem of quantita-
fively measuring the immediate physiological response to
acute stress or relaxation 1n a non-invasive, time-
independent and easy-to-use method. We have surprisingly
found that comparisons of the levels of oxyhemoglobin and
deoxyhemoglobin 1n cutaneous blood supply provide a
quantitative measure and a means of monitoring the acute
stress or relaxation level of a mammal.

SUMMARY OF THE INVENTION

In one embodiment, the invention 1s directed to a method
of measuring the stress or relaxation level of a mammal,
including the step of:

measuring the ratio of the level of deoxyhemoglobin to
the level of oxyhemoglobin of the mammal [ Hb/HbO,|; or

measuring the ratio of the level of deoxyhemoglobin to

the sum of the level of deoxyhemoglobin and the level of
oxyhemoglobin of the mammal [ Hb/(Hb+HbO.,)].

In another embodiment, the invention 1s directed to a

method of measuring the activity of the sympathetic nervous
system of a mammal, including the step of:

measuring the ratio of the level of deoxyhemoglobin to
the level of oxyhemoglobin of the mammal | Hb/HbO,|; or

measuring the ratio of the level of deoxyhemoglobin to
the sum of the level of deoxyhemoglobin and the level of

oxyhemoglobin of the mammal [ Hb/(Hb+HbO.,)].
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In another embodiment, the 1nvention 1s directed to a
method of measuring the activity of the sympathetic nervous
system of a mammal, including the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of the
mammal prior to exposing saild mammal to an acute
stressor or relaxor;

b. exposing the mammal to the acute stressor or relaxor;

. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of the
mammal during or after the exposing step; and

d. for step a and step c, calculating and comparing at least
one ratio selected from the group consisting of:

1. the ratio of the level of deoxyhemoglobin to the level of
oxyhemoglobin of said mammal; and

11. the ratio of the level of deoxyhemoglobin to the sum of
the level of deoxyhemoglobin and the level of oxyhe-
moglobin of said mammal. Preferably, the level of
deoxyhemoglobin and oxyhemoglobin are measured by
at least one noninvasive technique, including spectro-
scopic techniques, such as diffuse reflectance
spectroscopy, near infrared spectroscopy or ultraviolet-
visible spectroscopy.

In yet another embodiment, the invention 1s directed to a
method of changing the activity of the sympathetic nervous
system of a mammal, including the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of the
mammal prior to exposing the mammal to an acute
stressor or relaxor;

b. exposing the mammal to the acute stressor or relaxor;

. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of the
mammal during or after the exposing step;

d. for step a and step ¢, calculating and comparing at least

one ratio selected from the group consisting of:

1. the ratio of the level of deoxyhemoglobin to the level of
oxyhemoglobin of the mammal; and

11. the ratio of the level of deoxyhemoglobin to the sum of
the level of deoxyhemoglobin and the level of oxyhe-
moglobin of the mammal; and

¢. changing at least one of the ratios before and after step b
by at least 1%, preferably at least 5% and most preferably
at least 10%. Preferably, the changing step ¢ includes the
step of administering an effective amount of sensory
regimen to the mammal. Examples of a suitable sensory
regimen Include the administration of sensory stimull
selected from auditory stimuli, visual stimuli, tactile
stimuli, gustatory stimuli and olfactory stimuli and com-
binations thereof.

In one particularly preferred embodiment, the mammal 1s
a human operator of a vehicle or a machine and the method
preferably includes the step of alerting the human operator
of 1mpaired ability to operate the vehicle or the machine,
caused by stress, agitation, exhaustion, sleepiness,
inattentiveness, boredom, 1llness and distraction. Most
preferably, the method further includes the step of admin-
Istering an elfective amount of sensory regimen.

In a particularly preferred embodiment, the mammal 1s a
human operator of a vehicle or a machine and the method
preferably includes the step of alerting the mammal of a
detrimental level of stress, such as the stress caused by
heavy traffic or dangerous situations leading so-called “road
rage.” Most preferably, the method further includes the step
of administering an effective amount of sensory regimen.

In another particularly preferred embodiment, the mam-
mal suffers from cardiovascular disecase or related compli-
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cations and the method preferably includes the step of

alerting the mammal of a detrimental level of stress. Most

preferably, the method further includes the step of admin-

Istering an elfective amount of sensory regimen.

In yet another particularly preferred embodiment, the
mammal 1s pregnant and the method preferably includes the
step of alerting the pregnant mammal of a detrimental level
of stress. Most preferably, the method further includes the
step of administering an effective amount of sensory regi-
men.

In another particularly preferred embodiment, the mam-
mal 15 preparing for sleep and the method preferably
includes the step of alerting the mammal of a detrimental
level of stress. Most preferably, the method further includes
the step of administering an effective amount of sensory
regimen.

The mammal may alerted to a detrimental level of stress
in any of a number of ways that includes feedback to the
mammal when such level 1s approached or exceeding, such
as a visual indication (for example, flashing or colored
lights), audio indication (for example, voice message, beep-
ing sound or alarm), tactile indication (for example, vibra-
tion or mild shock) or combinations thereof.

In a particularly preferred embodiment, the invention 1s
directed to a method of improving the complexion of the
skin of a mammal, including the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin 1n the cutaneous blood supply of the
mammal prior to exposing the mammal to an acute
relaxor;

b. exposing the mammal to the acute relaxor;

c. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of the
mammal during or after the exposing step;

d. for step a and step c, calculating and comparing at least
one ratio selected from the group consisting of:

1. the ratio of the level of deoxyhemoglobin to the level of
oxyhemoglobin of the mammal; and

11. the ratio of the level of deoxyhemoglobin to the sum of
the level of deoxyhemoglobin and the level of oxyhe-
moglobin of the mammal; and

¢. reducing at least one of the ratios before and after step b
by at least 1%, preferably at least 5% and most preferably

at least 10%.

Preferably, the changing step e includes the step of admin-
istering an effective amount of sensory regimen to the
mammal.

DETAILED DESCRIPTION OF THE
INVENTION

As discussed above, the techniques according to the
invention provide methods 1n which the level of acute stress
or acute relaxation of a mammal may be non-invasively and
casily measured quantitatively during or immediately fol-
lowing a stressful or relaxing experience.

As used herein, the term “mammals” includes any of a
class of warm-blooded higher vertebrates that nourish their
young with milk secreted by mammary glands and have skin
usually more or less covered with hair, and non-exclusively
includes humans, dogs and cats.

As used herein, the term “acute stressor” or “acute stress”
1s any stimulus or experience that 1s perceived by the
mammal as either a source of conflict or danger.

As used herein, the term “acute relaxor” or “acute relax-
ation” 1s any stimulus or experience that 1s perceived by the
mammal as a source of relaxation.
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Techniques that quantify the level of saturation of oxygen
in the blood and that may be used to compare the levels of
oxyhemoglobin (HbO,) to deoxyhemoglobin (Hb) 1n cuta-
neous blood supply are useful in the practice of the inven-
tion. Specifically, the techniques that may be used in the
practice of the methods of the invention are techniques that
measure the intensity of transmitted or reflected electromag-
netic waves respectively through or from the cutaneous
fissue of a mammal, including diffuse reflectance spectros-
copy (DRS), near infrared spectroscopy (NIR) and
ultraviolet-visible (UV-vis) spectroscopy. Use of these tech-
niques gives values of oxyhemoglobin and deoxyhemoglo-
bin 1n arbitrary units that may subsequently be used 1n the

calculation of the ratios [ Hb/(Hb+HbO,) and Hb/HbO, ].

Since cutaneous blood flow will vary from individual to
individual, one must first select an appropriate baseline
measurement. As an example, an occasion could be chosen,
because the individual 1s “stress” free, such as, for example,
after a restful experience. In this case, one 1s using this
invention to measure any increases 1n stress in the indi-
vidual. On the other hand, the 1nitial occasion could be
representative of a time where the 1ndividual has some level
of detrimental stress. In this case, subsequent measures can
be used to determine the amount and effectiveness of a stress
management or 1ntervention technique.

Once the ratio(s) has been calculated, a comparison may
be done between the ratio(s) after exposure to the stressor or
relaxor and the baseline ratio(s) prior to the exposure to the
stressor or relaxor, to determine the change, if any, 1n stress
or relaxation level of the mammal from the baseline mea-
surement to the current testing interval. A comparison of all
of these values 1s necessary to help determine the magnitude

of the effect

The level of HbO,, and Hb are measured during or after
the exposing the mammal to the stressor or relaxor. If
analysis of the current state of the sympathetic nervous
system of the mammal 1s desired, it 1s preferable to measure
the levels of HbO, and Hb either during the exposure of the
stressor or relaxor or immediately following the exposure,
generally within 15 minutes, preferably 5 minutes and more
preferably 1 minute. However, long periods of time are
contemplated within the scope of this 1nvention.

The methods of the invention may be used to monitor the
stress or relaxation level of a mammal, and where appro-
priate administer a treatment to either reduce or increase the
activity of the sympathetic nervous system of the mammal
to effect relaxation or stimulation. In cases where 1t 1s
desired to change the activity of the sympathetic nervous
system of a mammal, a step of administering a sensory
reexmen 1s 1ncluded. For example, when a difference
between the subsequent measure of activity of the sympa-
thetic nervous system (after exposure to the stressor or
relaxor) and the baseline stress value (prior to the exposure
to the stressor or relaxor) of at least 1%, at least 5%, and at
least 10% different 1s desired, the method of the mnvention
may preferably include an additional step wherein the activ-
ity of the sympathetic nervous system system 1s changed to
at least original baseline level or lower 1n the case where a
reduction 1 stress level 1s desired, or, alternatively, to at
least some set goal level 1in the case where an increase 1n the
stimulation level 1s desired.

Examples of a suitable sensory regimen include the
administration of sensory stimuli selected from auditory
stimuli, visual stimuli, tactile stimuli, gustatory stimuli and
olfactory stimuli and combinations thereof.

As used herein, “effective amount” refers to the
frequency, level and duration of the regime of sensory
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experience suflicient to significantly induce a positive modi-
fication 1n the condition to be treated, but low enough to
avoid serious side effects (at a reasonable benefit/risk ratio),
within the scope of sound medical judgment. The effective
amount of the compound or composition will vary with the
particular condition being treated, the age and physical
condition of the patient being treated, the severity of the
condition, the frequency, level and duration of the treatment,
the nature of concurrent therapy, the specific compound or
composition employed, the particular pharmaceutically-
acceptable carrier utilized, and like factors within the knowl-
edge and expertise of the attending physician. Use of a
multiple sensory regimen can aifect the duration that would
be needed to create the desired response.

Examples of desired responses when relaxation 1s sought
include:

(1) a reduction in the ratio of deoxyhemoglobin to the sum
of deoxyhemoglobin and oxyhemoglobin (Hb/(Hb+
HbO,)) in the cutaneous blood supply of the mammal;

(11) a reduction in the ratio of deoxyhemoglobin to oxyhe-
moglobin (Hb/HbO,) in the cutaneous blood supply of the
mammal; or

(i11) both (1) and (11).

Examples of desired responses when stimulation is sought
include:

(1) an increase in the ratio of deoxyhemoglobin to the sum
of deoxyhemoglobin and oxyhemoglobin (Hb/(Hb+
HbO,)) in the cutaneous blood supply of said mammal;

(i1) an increase in the ratio of deoxyhemoglobin to oxyhe-
moglobin (Hb/HbO,) in the cutaneous blood supply of the
mammal; or

(i11) both (1) and (11).

A preferred means of delivering sensory stimuli 1s 1n the
form of a personal care composition. Personal care compo-
sitions are particularly useful in delivering olfactory stimuli.
For example, the sensory fragrance may be produced by
mixing the selected essential oils and odoriferous compo-
nents under ambient conditions until the final mixture is
homogenous using equipment and methodology commonly
known 1n the art of fragrance compounding. It i1s preferable
to store the final sensory fragrance mixture under ambient
conditions for a few hours after mixing before using it as a
component of a personal care composition.

The personal care compositions useful 1in the methods of
the present invention may then be produced by blending the
desired components with the sensory fragrance using equip-
ment and methodology commonly known in the art of
personal care product manufacture. To improve the solubi-
lization of the sensory fragrance in aqueous personal care
compositions, the sensory fragrance may be pre-blended
with one or more of the nonionic surfactants.

“Personal care compositions” refers to personal cosmetic,
toiletry, and healthcare products such as dry and wet wipes,
washes, baths, shampoos, gels, soaps, sticks, balms, sachets,
pillows, mousses, sprays, lotions, creams, cleansing
compositions, powders, oils, bath oils and other bath com-
positions which may be added to a bath. Personal care
compositions may also include, but are not limited to,
acrosols, candles, and substances that may be used with
vaporizers. The aforementioned wipes, washes, baths,
shampoos, gels, soaps, sticks, balms, sachets, pillows,
mousses, sprays, lotions, creams, cleansing compositions,
oils, and bath oils, are commercially known to those who
have knowledge of preparing personal care compositions.
Suitable personal care compositions, include but are not
limited to Johnson’s Bedtime Bath® product available from
Johnson & Johnson Consumer Companies, Inc.
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To achieve the desired response 1n a mammal, the per-
sonal care composition may be used 1n a dosing amount that
1s 1n accordance with the prescribed directions of the per-
sonal care composition. Although a greater effect 1s gener-
ally achieved when multiple stimuli are used together, a
single stimulus may also be effective so are included 1n the
ivention.

Practice of a sensory regimen using the aforementioned
stimuli may lead to acute relaxation and increased levels of
oxygenated hemoglobin cutaneous blood supply.
Accordingly, another embodiment of the invention i1s a
method of increasing the supply of blood-borne nutrients,
including oxygen, to cutancous ftissue of a mammal by
administering to the mammal an effective amount of a
sensory regimen. When the supply to cutaneous tissue of
blood-borne nutrients, including oxygen, 1s enhanced, good
health of the tissue 1s promoted. There are several technical
methods of measuring the state of health of the skin,
including transepidermal water loss, pH, and type and count
of microflora. A visual indicator that would be meaningtul to
the consumer 1s a healthy complexion. By the term “healthy
complexion” 1s meant skin that has even skin tone, 1s free of
blemishes and 1s glowing and radiant. Accordingly, the
methods of the invention may be used to improve the
complexion of the skin of a mammal.

To 1llustrate the methods of the 1invention, the following
examples are included. These examples do not limit the
invention. They are meant only to describe a method of
practicing the invention.

EXAMPLES

Example 1

One Time Exposure to Audio Stimuli and Short Term Effect
on Sympathetic Nervous System Activity As Measured By
HbO., and Hb Levels in Cutaneous Blood Supply Using
Diffuse Reflectance Spectroscopy

A group of males and females aged 20 to 55 1 good
general health were 1nvited to participate 1n a paid study in
which over the course of 10 minutes they would listen to
soothing sounds. The purpose of this study was to measure
the effect of the experience on sympathetic nervous system
activity as measured by deoxyhemoglobin (Hb) and oxyhe-
moglobin (HbO,) levels in cutaneous blood supply using
diffuse reflectance spectroscopy (DRS) in the time period
following the application of a positive stressor (relaxing
MUsic).

The diffuse reflectance spectroscopic technique used to
quantify and analyze spectra for Hb and HbO, levels 1s
described in detaill by N. Kollias et al. mm “A Single
Parameter, Oxygenated Hemoglobin, Can Be Used to Quan-
tily Experimental Irritant-Induced Inflammation,” The Jour-
nal of Investigative Dermatology, Vol. 104, No 103, March
1995, and 1s mcorporated herein by reference.

Upon arriving at the study site, the panelist was asked to
sit quietly for 10 minutes and relax. Three baseline DRS
measurements were performed on the volar forearm of the
panelist. The panelist then listened to 10 minutes of relaxing
music from the music CD entitled “Relax with Ocean
Relaxing Surt” by Eclipse Music Group Ocean Wave Music
through personal headphones. During or immediately fol-
lowing this 10-minute session, three DRS measurements
were performed on the same area of the volar forearm as was
used for the baseline measurements. The data was then
transferred into a program that presented the DRS data in an
ASCII file format. The results of the spectroscopic analyses
are presented 1n Table 1 below.
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TABLE 1
HbO, Before HbO, After Hb Before  Hb After
(Arbitrary (Arbitrary (Arbitrary  (Arbitrary
Panelist Units) Units) Units) Units)
1 0.30 0.31 0.61 0.31
2 0.25 0.25 0.57 0.46
3 0.14 0.18 .39 0.31
4 0.26 0.34 0.81 0.32
5 0.14 0.17 0.49 0.39
6 0.22 0.23 0.49 0.28
7 0.20 0.25 0.50 0.44
3 0.28 0.32 0.78 0.32
9 0.18 0.10 0.67 0.26
10 0.26 0.27 .66 0.09
11 0.22 0.24 0.54 0.46
12 0.33 0.51 0.87 0.09
Average 0.23 0.26 0.62 0.31

The ratio of Hb/(Hb+HbO,) and the ratio of Hb/HbO,
were subsequently calculated from the average values of Hb

and HbO,, presented 1n Table 1. The result of these calcu-
lations are shown in Table 2 below:

TABLE 2
Hb/(Hb + HbO,) Hb/HbO,
Before Stressor 0.73 2.70
After Stressor 0.54 1.19

The ratio of Hb/(Hb+HbO,) and the ratio of Hb/HbO,
decreased following the application of the positive stressor.
A decrease 1n these ratios indicates increased cutaneous
supply of oxygenated blood, which would be consistent with
an acute relaxation response.

Example 2

One Time Exposure to Arithmetic Challenge and Short Term
Effect on Sympathetic Nervous System Activity as Mea-
sured By HbO, and Hb levels 1n Cutaneous Blood Supply
Using Diffuse Reflectance Spectroscopy

A group of males and females aged 20 to 55 1 good
ogeneral health were 1nvited to participate 1n a paid study in
which over the course of 10 minutes they were given a series
of arithmetic problems to solve, the experience of which was
subjectively perceived to be stressful. The purpose of this
study was to measure the effect of the experience on

sympathetic nervous system activity as measured by deoxy-
hemoglobin (Hb) and oxyhemoglobin (HbO,) levels in
cutaneous blood supply using diffuse reflectance spectros-
copy 1n the time period following the application of the
negative stressor.

Baseline measures of Hb and HbO., were made using
diffuse reflectance spectroscopy as set forth 1n Example 1.
Each adult was then asked to provide the correct answers to
a series of arithmetic questions within a period of 10
minutes. Immediately following this arithmetic challenge a
second measurement of Hb and HbO.,, was made for each
panelist as set forth in Example 1. The results of the
spectroscopic analyses are presented in Table 3 below.
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TABLE 3
HbO, Before HbO, After Hb Before  Hb After
(Arbitrary (Arbitrary (Arbitrary  (Arbitrary
Panelist Units) Units) Units) Units)
1 0.17 0.20 0.43 0.51
2 0.24 0.29 0.58 0.62
3 0.13 0.10 0.46 0.48
4 0.32 0.20 0.64 0.92
5 0.12 0.15 0.49 0.52
6 0.15 0.19 0.61 0.47
7 0.22 0.18 0.58 0.42
3 0.21 0.25 0.75 0.82
9 0.22 0.19 0.83 0.93
10 0.19 0.17 0.63 0.56
11 0.16 0.16 0.54 0.57
12 0.25 0.39 0.66 0.93
Average 0.20 0.20 0.60 0.65

The ratio of Hb/(Hb+HbO,) and ratio of Hb/HbO, were
subsequently calculated from the average values of Hb and
HbO, presented 1n Table 3. The result of this calculation 1s
shown 1n Table 4 below:

TABLE 4
Hb/(Hb + HbO,) Hb/HbO,
Before 0.75 3.0
After 0.76 3.25

The ratio of Hb/(Hb+HbO,) and ratio of Hb/HbO,
increased following the arithmetic challenge. An 1ncrease 1n

these ratios indicates decreased cutaneous supply of oxy-
genated blood that would be indicative of redirection of
oxygen away from cutaneous tissue and towards tissues and
organs that would be mvolved 1n a flight or flight response
to a challenge. The magnitude of the increase here 1is
somewhat limited, but 1t would be expected that 1n the face
of a real, rather than an artificial challenge, that the magni-
tude of the 1increase would be greater. In a laboratory setting
cthics necessarily prohibits the nature of the stressor, thus
the usefulness of this method 1n the measurement of an acute
stress response 1s not best demonstrated under the conditions
described 1n this example.

We claim:

1. A method of measuring the stress or relaxation level of

a mammal, comprising the step of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin 1n the cutaneous blood supply of
saidd mammal prior to exposing said mammal to an
acute stressor or relaxor;

b. exposing said mammal to said acute stressor or relaxor;

c. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin 1n the cutaneous blood supply of
said mammal during or after said exposing step; and

d. for step a and step ¢, calculating and comparing at least
one ratio selected from the group consisting of:
1. the ratio of the level of deoxyhemoglobin to the level
of oxyhemoglobin of said mammal; and
11. the ratio of the level of deoxyhemoglobin to the sum
of the level of deoxyhemoglobin and the level of
oxyhemoglobin of said mammal.
2. A method of measuring the activity of the sympathetic
nervous system of a mammal, comprising the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin 1n the cutaneous blood supply of
saidd mammal prior to exposing said mammal to an
acute stressor or relaxor;
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b. exposing said mammal to said acute stressor or relaxor;

c. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin 1n the cutaneous blood supply of
said mammal during or after said exposing step; and

d. for step a and step ¢, calculating and comparing at least
one ratio selected from the group consisting of:

1. the ratio of the level of deoxyhemoglobin to the level
of oxyhemoglobin of said mammal; and

11. the ratio of the level of deoxyhemoglobin to the sum
of the level of deoxyhemoglobin and the level of
oxyhemoglobin of said mammal.

3. The method of claim 1 or 2, wherein said level of
deoxyhemoglobin and said level of oxyhemoglobin are
measured by at least one noninvasive technique.

4. The method of claim 3, wherein said technique 1s
Spectroscopy.

5. The method of claim 4, wherein said spectroscopy 1s at
least one technique selected from the group consisting of
diffuse reflectance spectroscopy, near inirared spectroscopy
and ultraviolet-visible spectroscopy.

6. A method of changing the stress or relaxation level of
a mammal, comprising the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of
saidd mammal prior to exposing said mammal to an
acute stressor or relaxor;

b. exposing said mammal to said acute stressor or relaxor;

c. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of
sald mammal during or after said exposing step;

d. for step a and step ¢, calculating and comparing at least
one ratio selected from the group consisting of:
1. the ratio of the level of deoxyhemoglobin to the level
of oxyhemoglobin of said mammal; and
11. the ratio of the level of deoxyhemoglobin to the sum
of the level of deoxyhemoglobin and the level of
oxyhemoglobin of said mammal; and

¢. changing at least one of said ratios before and after step
b by at least 1% by administering an effective amount
ol a sensory regimen.
7. A method of changing the activity of the sympathetic
nervous system of a mammal, comprising the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of
saidd mammal prior to exposing said mammal to an
acute stressor or relaxor;

b. exposing said mammal to said acute stressor or relaxor;

c. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of
sald mammal during or after said exposing step;

d. for step a and step ¢, calculating and comparing at least
one ratio selected from the group consisting of:
1. the ratio of the level of deoxyhemoglobin to the level
of oxyhemoglobin of said mammal; and
11. the ratio of the level of deoxyhemoglobin to the sum
of the level of deoxyhemoglobin and the level of
oxyhemoglobin of said mammal; and

¢. changing at least one of said ratios before and after step
b by at least 1% by administerinig an effective amount
ol a sensory regimen.

8. The method of claim 6 or claim 7, wherein at least one
of said ratios before and after step b 1s changed by at least
5%.

9. The method of claim 6 or claim 7, wherein at least one
of said ratios before and after step b 1s changed by at least

10%.
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10. The method of claim 6 or claim 7, wherein said
changing step € 1s a reduction.

11. The method of claim 6 or claim 7, wheremn said
changing step € 1S an 1ncrease.

12. The method of claim 6 or claim 7, wheremn said
mammal 1s a human operator of a vehicle or a machine.

13. The method of claim 12, further comprising the step

of:

alerting said human operator of impaired ability to operate

said vehicle or said machine.

14. The method of claim 6 or claim 7, wheremn said
mammal has cardiovascular disease or related complica-
fions.

15. The method of claim 6 or claim 7, wherein said
mammal 1s pregnant.

16. The method of claim 6 or claim 7, wherein said
mammal 1s preparing for sleep.

17. The method of claim 6 or claim 7, further comprising
the step of:

alerting said mammal of a detrimental level of stress.
18. A method of improving the complexion of the skin of
a mammal, comprising the steps of:

a. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin 1n the cutaneous blood supply of

10

15

20

12

saidd mammal prior to exposing said mammal to an
acute relaxor;

b. exposing said mammal to said acute relaxor;

c. measuring the level of oxyhemoglobin and the level of
deoxyhemoglobin in the cutaneous blood supply of
said mammal during or after said exposing step;

d. for step a and step ¢, calculating and comparing at least
one ratio selected from the group consisting of:
1. the ratio of the level of deoxyhemoglobin to the level
of oxyhemoglobin of said mammal; and
11. the ratio of the level of deoxyhemoglobin to the sum
of the level of deoxyhemoglobin and the level of
oxyhemoglobin of said mammal; and

¢. reducing at least one of said ratios before and after step
b by at least 1% by administering an effective amount
of a sensory regimen wherein said effective amount 1s
eifective to improve the complexion of the skin of said
mammal.
19. The method of claim 18, wherein at least one of said
ratios before and after step b 1s reduced by at least 5%.
20. The method of claim 19, wherein at least one of said
ratios before and after step b 1s reduced by at least 10%.
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